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energy markets

energy markets/production

>

>
>
>

EIA: U.S. transportation sector energy projected to peak in 2018

FOTW: U.S. petroleum production down from 2015’s peak

FOTW: U.S. world’s largest oil producerin 2015

BP: Increased fuel economy will mostly offset increased demand for travel worldwide

vehicle fuels

>

>
>
>

EIA: Gasoline prices remain near lowest levels in a decade, regional variation exists
EIA: Ethanol production at all-time high

FOTW: Electricity and CNG have least variable prices historically

EIA: Natural gas for vehicles at all-time high



energy usage

FOTW: On-road transportation consumes more than
80% of transportation energy in United States
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energy usage

EIA: Domestic transportation sector energy
consumption peaks in 2018; motor gasoline share

drops as jet fuel grows (AEO 2017)

Transportation sector consumption
quadrillion British thermal units
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https://www.eia.gov/outlooks/aeo/pdf/0383(2017).pdf

oil production

FOTW: Products of petroleum refineries vary by world
region

Share of Refinery Gross Output by Product, 2015
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oil production

FOTW: Production of petroleum in the United States
declined in 2016 from all-time high in 2015

U.S. Petroleum Production, 1949-2016
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oil production

Petroleum Production by Country, 1980
World Total = 64 mmbd
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FOTW: United States produced more petroleum than
any other country in 2015

Petroleum Production by Country, 2015
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oil production

EIA: Tight oil expected to make up most of U.S. oil
production increase through 2040

U.5. oil production (2010-40)
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oil consumption

BP: Worldwide travel demand leads to increase in oil
consumption; fuel efficiency mostly offsets increase

Mb/d
45
40 |
35
30 |

25 r
20

0.2

15
10 -
5 |

0

2015 Growth in Gains In fuel Switching to Switching to 2035
demand for travel efficiency natural gas electric vehicles
vehicles

Source: http://www.bp.com/en/global/corporate/energy-economics/energy-outlook/energy-outlook-downloads.html 10



http://www.bp.com/en/global/corporate/energy-economics/energy-outlook/energy-outlook-downloads.html

oil consumption

BP: Digital or electric revolutions could lower
worldwide demand for oil

Digital revolution: Electric revolution:
Impact on oil demand in cars in 2035 Impact on oil demand in cars in 2035
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gasoline prices

EIA: Gasoline prices higher than last year, still only half
of price prices of a few years ago

Weekly U.S. Regular All Formulations Retail Gasoline Prices

Dollars per Gallon
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gasoline prices

EIA: Highest gasoline prices on West Coast, lowest
prices in South, largest price ranges in the Midwest

Regular retail gasoline price ranges at selected cities in 2016
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ethanol

EIA: Record high production of ethanol in United States
in 2016 — 15 billion gallons

U.5. ethanol production {2010-16) ==
billion gallons cla
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fuel prices

FOTW: Electricity and CNG fuels had the lowest price
variability over the past 16 years

Average U.S. Retail Fuel Prices per Gasoline Gallon Equivalent
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natural gas vehicles

BNEF, EIA: Natural gas demand from vehicles at all-
time high; 40 billion cubic feet for vehicles of 28,300 Bcf
total U.S. production
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automotive markets
LDV market

> FOTW: U.S. vehicle sales at all-time high again in 2016
> FOTW: Over 1/3 of LDVs sold in 2016 were SUVs

EV market

> EV-Volumes: China is largest market for EV

> EV-Volumes: Model S best-selling model, BYD best-selling manufacturer

> SAE: Chinese roadmap plans for large fractions of new-energy vehicles
and autonomous vehicles

18



LDV market

FOTW: Light-duty vehicle sales are at all-time high
again in 2016; 7 consecutive years of sales increases

Light Vehicle Sales, 1970-2016
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LDV market

FOTW: Over one-third of light vehicles produced in
MY2016 were SUVs
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EV market

EV-Volumes: EV sales continue to grow worldwide;
China now world’s largest market

120,000 —— Global Plug-in Sales (Light Vehicles)
Monthly

Plug-in
Vehiqe 100000 2014 w2015 m2016
Sales

80,000

60,000
40,000
0 - : : ‘ : : : . ‘ :
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov

M 2016 Jan-Dec

EVVOLUME&CDM Dec

Plug-in Sales and % Growth

Global ~—=PEV Share 2015 Jan-Dec
Annual 0.86% woos O 50 100 150 200 250 300 350 400
PEV
Sales China
000s

Japan
Europe

2010 2011 2012 2013 2014 2015 2016 USA

EVVOLUMES'COM Growth 162% 57% 53% 68% 42%
Other E
EVVOLUMES.COM

Source: http://www.ev-volumes.com/news/global-plug-in-sales-for-2016/

+85%

-11%

+13%

+36%

+11%


http://www.ev-volumes.com/news/global-plug-in-sales-for-2016/

EV market

EV-Volumes: Tesla Model S again top-selling EV model
worldwide; BYD Tang top-selling PHEV and SUV

BYD Tang PHEV SUV: Chevrolet Volt: Mitsubishi Outlander
31,405 (+71%) 28,295 (+67%) PHEV: 27,850 (-36%)

Source: http://www.ev-volumes.com/news/global-plug-in-sales-for-2016/ 22
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EV market

EV-Volumes: BYD top selling PEV manufacturer;
worldwide market 61% BEV, 39% PHEV

Global Plug-in Volume 2016 by Make EVVOLU”ES_COM
WEV ¥ PHEV 000 Share Share
0 20 40 60 80 100 2016 vs 2015
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EV market

for BEVs; Los Angeles #2 in each

Plug-in hybrid electric M Battery electric
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ICCT: Shanghai has most PHEV sales in 2015; Beijing #1
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LDV market

SAE China via MarkLines: Chinese “Technology
Roadmap for Energy-Saving and New Energy Vehicles”
projects large numbers of zero-emission vehicles and
automated vehicles in near future

(perfczj(:rlnsance) 2020 2025 2030
Chinese production and sales (units 24.66 million 30 million 30 million 30 million
per year) (Sales)
Percentage of energy-saving vehicles - 30% 40% 50%
Percentage of new energy vehicles 1.35% 7%-10% 15%-20% 40%-50%
Fuel cell vehicles (units) - 5 thousand 50 thousand 1 million

Intelligent and connected cars Driving assist and
(Installation rate in new vehicles of ) partial autonomous| High Automation: | Full Automation:
autonomous driving technology that driving: 10%-20% 10%

has been introduced) 50%
(Source: Created based on SAE China’s Technology Roadmap for Energy-Saving and New Energy Vehicles, various
reports, and MarkLines data.)

Sources: https://www.forbes.com/sites/michaeldunne/2016/12/14/chinas-automotive-2030-blueprint-no-1-globally-in-evs-autonomous-cars
and http://www.jc-web.or.jp/jcbase/publics/download/?file=/files/content type/type019/633/201612191644228232.pdf and
https://www.marklines.com/en/report/rep1558 201612
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technologies studies

fuel economy

> FOTW: LDV fuel economy at all-time high in 2016
> EIA: Improved fuel economy for MDV and HDV projected to keep U.S.
fuel consumption flat in future

vehicle technologies

> BNEF: Stop-start continues to grow in United States
> BNEF: Li-ion for autos will surpass Li-ion for batteries within 5 years
> |FI Claims: Number of patents growing for OEMs

27



fuel economy

in MY2016

FOTW: New light vehicle fuel economy at all-time high
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fuel economy

EIA: Fuel-economy improvements will keep MDV and
HDV energy usage nearly flat through 2040 (AEO 2017)

Medium- and heavy-duty vehicle metrics
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vehicle technologies

BNEF: Growing share of U.S. vehicles are being sold
with start-stop technologies

10% -

9% -

8% -

7% -

6% -

2% -

4% -

3% -

2% -

1% -

0% -
2012 2013 2014 2015 2016

Source: http://www.bcse.org/sustainableenergyfactbook/



http://www.bcse.org/sustainableenergyfactbook/

vehicle technologies
BNEF: Li-ion battery demand for EVs will surpass
electronics by 2022

Battery Surge

Electric vehicle lithium-ion battery demand to surpass consumer applications in 2022

M Electric vehicles M Consumer applications (e.g. mobile, laptop. etc)
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intellectual property
IFI Claims: OEM U.S. patents up nearly 70% since 2010;
Ford and Hyundai largest gainers in 2016

Number of U.S. Patents
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Sources: http://www.ificlaims.com/index.php?page=rankings top US assignees and
http://www.ificlaims.com/index.php?page=news&type=view&id=ifi-claims%2F2016-u-s-patent-trends 4 32
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environmental studies

emissions

> |EA: Worldwide CO, emissions dropped in 2016 (and 2015)

> EPA: United States CO, emissions dropped in 2015

> |EA/EPA: Carbon emissions decoupling from economic growth

> EIA/EPA: Transportation emissions [almost] lower than electric sector emissions

public health

> AEA: EV emissions (from electricity) are less localized than ICE emissions (from
tailpipe)

34



emissions

IEA: Worldwide carbon emissions dropped for second
consecutive year in 2016

Clobal Carbon Dioxide Emissions, 1980-2016
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emissions

IEA: Worldwide carbon emissions are decoupling from
economic growth

CO, Emissions and Global Economy Growth Rates
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Source: http://www.iea.org/newsroom/news/2017/march/iea-finds-co2-emissions-flat-for-third-straight-year-even-as-global-economy-
grew.html
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emissions

EPA: U.S. emissions per capita and emissions per GDP
are at lowest levels in at least 25 years
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emissions

EIA: More CO, emissions from transportation sector
than from electric power sector in United States

Energy-related carbon dioxide emissions (Jan 1988 - Sep 2016) A=
million metric tons of carbon dioxide (MMmt CO2) Cla
300 3,000 .
monthly rolling 12-month total
250 2 500
electric electric
200 power 2000 power
150 1.500 transportation
transportation

100 1,000

50 500

ﬂ ! ! ! I I I T T D T T T T T T T T
19353 15992 15996 2000 2004 2008 2012 2016 1933 1992 1996 2000 2004 2003 2012 2016

Source: https://www.eia.gov/todayinenergy/detail.php?id=29612
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EPA: Electric power GHG (CO,-equivalent) emissions
still higher than transportation, but falling rapidly

Electric Power Industry
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emissions

Energy consumption
quadrillion Brtish thermal units (Btu)
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EIA: Carbon intensity falling faster in electricity sector
than in transportation sector in United States

Carbon intensity =
metric tons carbon dioxide per tnllion Btu Cld
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emissions

EPSA: Advancements in vehicle tech will have larger
impact in transportation emissions than carbon tax

Transportation Sector
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Source: https://www.energy.gov/epsa/quadrennial-energy-review-second-installment 42
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emissions

AEA: Electric vehicles shift transportation emissions
from driving locations (tailpipe) to broader geographic
area (electric generation)

Change PM; 5 (ug/m*3)

FIGURE 4. CHANGE IN PM, 5 FROM GASOLINE VERSUS ELECTRIC VEHICLE IN FULTON COUNTY, GEORGIA

Source: https://www.aeaweb.org/research/charts/what-does-electric-car-atlanta-air-quality-maine 43
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consumer & opinion surveys

purchasmg behavior

Experian: Vehicle financing cost at all-time high

> McKinsey: Prospective EV buyers in U.S. have lower income than current
EV buyers

> McKinsey: EV buyers in China have lower income than ICE buyers

> Deloitte: Interest is rising in AV technologies

travel behavior

> FHWA: VMT at all-time high in 2016
> Uber: Modal shift from transit can lead to increased congestion
> Certify: Uber is now half of itemized expenses for ground transportation
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purchasing behavior

Experian: Average vehicle loan amount at all-time high
for both new and used vehicles

Average loan amount

mQ4 2015 mQ4 2016

Avg new loan Avg used loan Avg Franchise Avg Independent
amount amount used loan used loan
amount amount

Source: http://www.experian.com/automotive/automotive-credit-webinar.html 46
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purchasing behavior

McKinsey: Prospective EV buyers have lower incomes
than current in U.S.; EV buyers in China already lower
income than average new car buyer

Income of current and future EV owners, US example Income distribution of survey respondents in China, 2016

Annual family

Distribution for Annual family Els_t:;lbtullon for ICE and EV owners !sint‘r:w%?seands g.lasri;l::.ltlon for EV owners only
EV owners income Distribution for EV considerers ercen
Percent $ thousands Percent
19 <13 ch|
20 <75 44 28 13-21 25
45 75-150 33 29 2130 18
35 >150 23 17 30-60 17
SOURCE: McKinsey Sustainable Mobility Initiative — 2016 Electrified Vehicle Consumer Surveys 7 >60 9
S0OURCE: McKinsey Sustainable Mobility Initiative — 2016 Electrified Vehicle Consumer Surveys

Source: http://www.mckinsey.com/industries/automotive-and-assembly/our-insights/electrifying-insights-how-automakers-can-drive-electrified-
vehicle-sales-and-profitability a7
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CAVs views

Deloitte: Consumer interest in vehicle automation
technologies is rising

o /5% .. 2014

o~ 73% T 67% ~2016

6 5 Cv“::a
60%

55%

s 5 56% : " “\

40%

39%

0% 36%
30%
Basic automation Adaptive safety features Limited self-drive Full self-drive

Samplesize: 2014, N=1,913, 2016, N=1,722

Source: Global Automotive Consumer Insight Platform, Deloitte

Source: https://www2.deloitte.com/content/dam/Deloitte/us/Documents/manufacturing/us-auto-the-race-to-autonomous-driving.pdf
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travel behavior

FHWA: VMT set new high in 2016, increased travel on
both urban and rural roads

Urban Highway

Rural Highway
)

e M,
- M 5 2014
e N
& N M 2015
e .
v \--_\ W 2016
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_____________________________

Source: https://www.fhwa.dot.gov/policyinformation/travel monitoring/16dectvt/16dectvt.pdf 49
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modal choice

Uber: Typical local travel times increased by up to 50%
when DC Metro was shut down; SafeTrack leads to
localized congestion

Travel Times Comparison Travel Times Comparison

Source: https://movement.uber.com/use-case/dc
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modal choice

Schaller: Ride services (taxi + TNC) adding rides to
roadways; may be taking rides from public transit

Subway
Bus
Ride services
Bike
Ferry
-20 -10 0 10 20 30 40 50 60
Change in Ridership (Annual, millions)

Changes in Ridership by Mode, 2015 to 2016

Source: http://www.schallerconsult.com/rideservices/unsustainable.pdf
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modal choice

Certify: Uber ridership made up over half of reported
business expenses for ground transportation in Q4

0 o)
2 /O 4 /O Now at 4% of rides, Lyft
increased share in 2016
Car rental’s single faster than Uber
greatest quarterly
decline, down 3%
551% dmmp
2540, dmmn
Uber takes majority
* = | shareof ground LI
transportation for
first time
e™e
Q4 2015 Q42016
W Lyft B Uber Taxi Rental Car FY 2016 Growth
Average cost per ride (Q4 2016) Taxi accelerates its downward spiral,
losing more than 37% since Q1 2014 @ %4
$24.99 $24.75 .

Lyft Uber

2 = 4% - Starbucks

Overall Most 6%,
0 3 - 49% - Delta
Expensed Vendors | — 4% — AmcricanAilines
- Uber | :_ %

The ride-hailing revolution puts Uber 5 — 39, — Amazon

inthe number one spot with 6% of all
transactions in 2016

Source: http://www.certify.com/Certify-SpendSmart-Report-Infographic-FY-2016.aspx
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policy & business studies
safety

> NSC: Fatal accidents up for second year in a row
> NHTSA: V2V communications are proposed to be required soon
> NHTSA: Vehicle recalls hit record high for third year in a row

fuel economy standards

> NHTSA: MY2016 vehicles likely did not reach CAFE standards
> |U: 2022-25 GHG standards may lead to short-term negative economic
impacts but long-term increased employment

business studies

> Truckerpath: Trucking is important to U.S. economy
> KPMG: Auto executives view EVs as most important key trend until 2025,
but view (SI) ICEs has more important in short term and diesels as dead
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safety

NSC: Auto fatalities up 6% in 2016 nationwide; decline
in auto fatalities in some North Central and Northeast
states

Number of Motor-Vehicle Deaths in U. S. Percentage change in fatal accidents,
45,000 2014-2016
40,000
35,000
30,000
25,000
20,000
15,000
10,000

5,000
0 .
2013 2014 2015 2016 -25% to -15% -8% to -1%

+8% to +15% | +17% to +30% +34% to +49%

Source: http://www.nsc.org/NewsDocuments/2017/12-month-estimates.pdf 55
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safety (automation)

NHTSA: Crashes in Teslas dropped nearly 40% after
Autosteer (SAE Level 2 automation) installed

1.4 4

1.2

1.0

0.8

0.6

0.4

Crash Rate per Million Miles

0.2

0.0 - T
Before Autosteer After Autosteer

Source: https://static.nhtsa.gov/odi/inv/2016/INCLA-PE16007-7876.PDF
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safety (automation)

Southampton via GCC: Takeover reaction time can be
nearly half a minute in some cases
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safety (connectivity)

Socurity system

Provides and wenfies V2V security corificales 10 ensuns tust boteoen vohiclos.

In-vehicle components

This

inwehiche equipment
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NHTSA: Vehicle-to-Vehicle (V2V) communications
proposed to be required soon
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Source: https://www.nhtsa.gov/press-releases/us-dot-advances-deployment-connected-vehicle-technology-prevent-hundreds-thousands

Percentage of Vehicles
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safety (connectivity)

NHTSA: Additional weight of V2V radios adds slight
amount to lifetime fuel usage

Year | Model Year Ga\l/l(:;hr:zlzer Total Gallons Pg;s\:e(I;;I)e P(c:e;s\:e(l;zl)e
1 2021 0.83 13.38 M 52.02 §1.55
2 2022 1.22 19.88 M 5$3.02 $2.31
3 2023 1.58 26.01 M $3.97 $3.04
4 2024 1.54 25.52 M $3.93 $3.00
5 2025 1.49 24.80 M $3.83 $2.93
6 2026 1.50 25.07 M $3.90 $2.98
7 2027 1.50 25.39 M $3.97 $3.03
8 2028 1.51 25.74 M $4.03 $3.08
9 2029 1.52 26.03 M $4.11 $3.14
10 2030 1.53 26.42 M $4.18 $3.19

Source: https://www.nhtsa.gov/press-releases/us-dot-advances-deployment-connected-vehicle-technology-prevent-hundreds-thousands 59
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safety (reliability)

NHTSA: Vehicle recalls hit record high for third year in a
row in 2016: 53.2 million

Number of Automotive Recalls in U. S.
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fuel economy standards

NHTSA via EEnews: Automakers projected to miss
CAFE standards for MY2016 vehicles (and light trucks)

Corporate Average Fuel Economy
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Sources: http://www.eenews.net/greenwire/2017/03/09/stories/1060051220 and
http://www.eenews.net/assets/2017/03/09/document gw 11.pdf and https://one.nhtsa.gov/cafe pic/CAFE PIC fleet LIVE.html and
https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/my 2015 and 2016 projected fuel economy performance report final.pdf
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fuel economy standards

lU: Fuel economy standards lead to negative economic
impacts in short term, positive net impacts by mid- to
late-2020s
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Source: http://news.iu.edu/releases/iu/2017/03/fuel-mileage-standards.shtml 62



http://news.iu.edu/releases/iu/2017/03/fuel-mileage-standards.shtml

fuel economy standards

IU: More job losses in West South Central region due to
less oil consumption, deeper and earlier impacts in East
North Central due to manufacturing
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EV fees

comparable to lost gas tax revenue
States with EV Fees

Sierra Club: Several states considering EV registration
fees; current registration fees typically (but not always)

State Gasoline Taxes (Cents per Gallon) EV Fees
Gasoline
Excise Additional Gasoline mileage
State Tax FeeorTax Total PEVfee gallons offset equivalent

7.5 11.8 19.3  $200.00 1036 36269
250 1.0 26.0 $150.00 577 20192
19.0 19.0  $100.00 526 18421
17.0 0.3 17.3 $75.00 434 15173
Virginia (1) 16.2 16.2 $64.00 395 13827
Nebraska 256 0.9 26.5 $75.00 283 9906
Washington 375 37.5 $100.00 267 9333
North Carolina  37.5 0.3 37.8  $100.00 265 9272
Colorado 220 22.0 $50.00 227 7955
Wyoming 23.0 1.0 24.0 $50.00 208 7292

Analysis of gasoline needed for equivalent tax,

and ICE mileage for this much gasoline (at 35 mpg)

Red: States with EV Fee
Blue: States Considering EV Fees
Green: States that Denied EV Fees

Source: http://www.sierraclub.org/compass/2017/02/flurry-state-bills-introduced-likely-backed-oil-industry-penalize-electric-car

64


http://www.sierraclub.org/compass/2017/02/flurry-state-bills-introduced-likely-backed-oil-industry-penalize-electric-car

freight movement

Truckerpath: Trucking industry is a key component of
U.S. economy; driver most common job in 29 states

Transportation Industry

Trucking Industry

S =
8 0 0/0 ! Freight revenue B
of all cargo 6% t 4 ‘ . I—,s5f°or:,a5t e ' ) annual trucking
- by plpellne - /o y 2026 .
is transported industry revenue
by trucks
: 4%  LELRER |
byrail — weveves -I 3 trucking
sk . : DM companies
% = trucking by revenues
by water -— companies y
| |
LI | i D s2088 @
54 _! A - $19.8B FedEx
| | | | | L M | | }
(ﬁ B I $6.2B [FTmm.)
gallons of fuel
is used per year = B B || = . $4.8B YRC
B s4.2B swiFT
= $143s 46% 54% >
is private is for-hire
= i ; Fact:
e is spent on fuel B el e 90% of trucking
M Truck Driver is thf.mo-st Ar'nézon) : companies operate fewer
common occupation in than 6 trucks

29 states
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executive perspectives

KPMG: Auto executives view electrification as most
important key trend until 2025

Parcentage of executives
rating a trend as extremely

2013 204 20158 2016 2017 important
#1 @ 0 1 #1 #1 Battery electric vehicles (BEVs) @
#2 #2 it2 2 Caonnectivity and digitalization 49%
#3 #3 ‘ i#3 #3 Fuel cell electric vehicles [FCEVs) @
#4 4 #4 Hybrid electric vehicles (HEVs) 44%
#5 #5 #5 Market growth in emerging markets @
=
-g 26 #6 #6 #6 Increasing use c-_f platform strateqies 20%
b= and standardization of modules
o
27 #7 #7 #7 Creating lvalue out of big data 399,
le.q. vehicle & customer data)
#8 #8 i#8 #8 Mobility-as-a-service/Car sharing @
#9 /@—@ Autonomous and self-driving cars @
Downsizing of internal
#10 . ' . |
combustion engines (ICEs)
Rationalization of production
#11 .
in'Western Europe
® OEM captive financing and leasing Innovative urban vehicle design concepts

Source: https://home.kpmg.com/xx/en/home/insights/2017/01/global-automotive-executive-survey-2017.html
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executive perspectives

7
76 O of the executives see ICEs as still more

impaortant than electric drivetrains for a very long time.

Executive opinion

Absolutely agree

48%

20/".;. Absolutely disagres

KPMG: Auto executives view ICE as more important
than electric drivetrains and diesel as dead

More than eve W Second executive believes

diesel 10 be dead.

Executive opinion

Absolutely agree

34%

Partly agree

Absolutely disagree  J uf.;,

Source: https://home.kpmg.com/xx/en/home/insights/2017/01/global-automotive-executive-survey-2017.html
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summary observations

ener U.S. top petroleum producer in the world; transportation
gy energy usage projected to peak in 2018

LDV sales set record high again in 2016, 1/3 of LDVs are

[ ]
a UtomOtlve SUVs; China top EV market in the world

Fuel economy at all-time high; automakers are filing more

tECh/e nVi ro patents than before; CO, emissions decreasing in U.S. and

worldwide; transportation emissions comparable to electric
VMT at all time high; EPA GHG standards may lead to short-

[ ] [ ] [ ]
Opl n|0n/p0| |Cy term job losses and long-term gains; auto executives view

EVs as most important coming trend

qar
12;01]; summary



